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Past few decades

“Discovery” of Standard Model

through synergy of

hadron - hadron colliders

lepton - hadron colliders

lepton - lepton colliders




Synergy of colliders:
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In particular:
Lepton and Hadron Collider



Status Summer Conferences 2007
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However

THE ENERGY DENSITY BUDGET
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- atthe Terascale: entering the 'Dark World’
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“Standard Model era”
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High Energy Colliders:

Tevatron and HERA

Tevatron Run 11 HERA Run I+11
JLdt =3 fbl/exp fLdt = 0.5 fb'l /exp




High Energy Colliders:
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High Energy Colliders: ILC (E ,, upto ~1TeV)

ILC @ 500 GeV

Max. Center-of-mass energy 500 GeV
Peak Luminosity ~2x10% | emr*s!
Beam Current 9.0 mA :
Repetition rate 5 Hz Vi p\ace
Average accelerating gradient E“O“ (GD;)\ e
Beam pulse length \ es\()“ W en 50\'\690“
e WO tunneis
Total Site Leng, G\o‘o‘:ﬂ\ca\w (“D s\Q» R it R
+ other for services - RF power
Total AC Power V& “ee‘\“g ~230 | MW
‘-\g\ Y S— 12
Consumption 12 31 Km
N ot to Scale 31 kl‘l‘l
RDR published 2007 e
e-fe+ DR ~6.7 Km

30m radius b e
: e+ Linac

=1.33 Km 11.3 Km + ~1.25 Km -4.45 Km 11.3 Km =1.33 Km

Ken Peach Conference Summary EPS HEP 2007 Delahaye 25 July 2007 11




High Energy Colliders: CLIC (E_,,upto~ 3TeV)

— “Compact” collider — total length < 50
km at 3 TeV

— Normal conducting acceleration
structures at high frequency

) _ _ CLIC TUNNEL
* High acceleration gradient: ~ 100 MV/m CROSS-SECTION
d HivEs 2

* Novel Two-Beam Acceleration Schem~,
— Cost effective, reliable, efficient cues al
— Simple tunnel, no active =’ ;i\ ‘250@ and

— Modular, easy e~ ey fe?
stages a

\j e C\-\(\\Ca ~UAD POWER EXTRACTION
STRUCTURE 4.5 m diameter

Drive beam - 95 A, 300 ns
from 2.4 GeV to 240 MeV

@
‘SuperB’

ACCELERATING
Main beam — 1 A, 2N
from9 GeVto 1.5 TemH

[ |

"o




THE COMPACT LINEAR COLLIDER (CLIC) STUDY

Aim: develop technology to extend e-/e+ Ilnear colli ders

Into the Multi-TeV energy range:

http://clic-study.web.cern.ch/CLIC-Study/
v E, energy range from ILC to LHC
maximum reach and beyond =>E_,,=0.5-3 TeV

v L >few 10%* cm-2with acceptable background and energy spread
= E., and L to be reviewed when LHC physics results avalil.

200:
10.1une 2004

v Affordable cost and power consumption

Physics motivation: i

http://clicphysics.web.cern.ch/CLICphysics  /
"Physics at the CLIC Multi-TeV Linear Collider:
by the CLIC Physics Working Group:CERN 2004-5

Present goal:

Demonstrate all key feasibility issues and document in a Conceptual
Design Report by 2010 and possibly Technical Desig  n Report by 2015

[ ] f = \: \ @r
,l"E \ ’0“0(5\ ‘Supe B’




Synergy: Energy Frontier Accelerators

To be ready for the next accelerators
a lot of activities around the world!

Tevatron

PDFs, a,(M,),
Higher Order QCD
Diffraction, ...




Precision Physics:
requires precise detectors

and precise calculations

3rd
INTERNA TIONAL

SYMPOSIUM
RADIATIVE CORRECTIONS
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CRACOW, POLAND
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Precision Observations

Comparison of electroweak precision observables with theory

EW Precision data: Theory:
My, sin?0.. o ... Eammdll SM, MSSM, ...

B

Test of theory at quantum level: sensitivity to loop corrections

N\ S
RN
1

Accurate measurements and theoretical predictions needed:
Which model fits better?
Does the prediction of a model contradict the experimental data?




Precision Electroweak

Measurements




W and Z Physics at Tevatron

Parton Distribution Functions
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New Physics

W mass
W width (world average: 60 - 47 MeV)
Z Boson invisible width ~10% meas.
Tri-linear gauge bosons

Best limits to date on WWZ coupling
W Charge asymmetry
Z rapidity




W Mass and Width from CDF
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W-Physics at LEP
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W-Pair Production with
YFSWW /KoralWw!

W. Placzek®?, 8. Jadach®®® M, Skreypek®® B.F.L. Ward®/*
and 2. Wastb

" fnstitule of Compuster Science, fageifonian Dnfsersiby,
W Mgarad 11, B0-0TE Orcow, Poland,
YCERN, CH-1811 Geneve 25, Sudtoerland,

OEFY Feulhem, Plaesenalle § D-0575F Zenthen, Germany
fInstitate of Nuolesr Physicr, »l Kowdery 882, S0L055 Oraoow, Podand,
' Deparimed of Phywios and Astronotn,

The Daiversidy of Tennassee, Knorwille, TV FT005 1008 US4,
TELAT, Sangdord Prversily, Stanferd, 04 852308 054,

The process of W-pair production in electron—positron colliders is very important
for testing the Standard Model [SM) and searching for signals of possible “new
physics”; see e.g. Ref [1]. One of the main goals of investigating this process at
present and future e™e” experiments iz to measure precisely the basic properties
of the W boson, such as its mass My and width Iy, This process also allows a
study, at the tree level, of triple and quartic gauge boson couplings, where small
deviations from the subtle SM gauge cancellations can lead to significant effects on
physical observables — these can be signals of “new physics” .

PIVEAL ODSET DS — LERse CAll D spnals o - Jew ¥EICS

Simpe the W's are unstable and short-lived particles, the W-pairs are not chesrved
dwectly in the experiments bat chroogh thelr decsy produects: feur-farmion [45)
flnal states [which may then pleo decay, radiate ghoons/photons, hadronize, ete ]
As high snepy chacged pocticls are invobved n the proces, one oo alo chesrv
energelic rudintive photons. 5o, at the parton level, one hes to consider a general
PaOiEEs

e e —adf 4y, m=0,1,2...], (1)

L Work partly sapported by the Maria Skicdosska-Core Joint Fond I PAA /DOE-37-318 sncd
by the 173 Departmest of Energy Dontracts DE-FGM5-21 ERADG2T and DE- 4005 TRERMELS.

CPSIE, Firpncr ond Expariiuced wilh Fafiest Linadr ' Calliaers, edited by A, Paea aad H, E
& 200 Amziicas [rstimie of Frivsis o7 354001 7. 200 1R 00 LCWS 2 OOO

32T



M,, at LEP
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On Theoretical Uncertainties of the
W Boson Mass Measurement at LEP2”

S. Jadach®™®, W. Placzek®®, M. Skrzypek®™ B.F.L. Ward®*' and Z. Was®®
“Institute of Nuclear Physics. wl. Kawiory 26a, 50-055 Cracow, Poland,
"CERN. TH Division, CH-1211 Geneva 23, Switzerland,

“Institute of Computer Science. Jagellonian University,
ul. Nawogkt 11, 30-072 Cracow, Foland,

4 Maz-Planck-Institut fiir Physik, 80805 Munich, Germany
“Department of Physics and Astronomy,

The Unwersity of Tennessee. Knorville, TN 37996-1200, USA.

FSLAC, Stanford University, Stanford, CA 94309, USA.

Phys.Lett.B533,75 (2002) T

Tg8

We discuss theoretical uncertaind
at LEP2 energies, reconstructed wit]
event generators KoralW and YFST
with these programs, and the exis
that the theoretical uncertainty of t
reconstructed at LEP2 with the helj
certain idealized event selections and
exercises can be (should be) repeated
LEP2Z measurements, using KoralW ¢

To be submitt



— final M,, combinatio

W-Boson Mass |

Ayerage

LEF1/aLl

LEP1/SLDim,

Final LEP2 M,,, awalils:
— final combination of colous -

reconnectios

i T
BILS
I' II.-

W Mass

T =

AVYRYRAY

Gev [y

Colour
Reconnection

.&::I::jflE“iFl.I}EE “ Am,,, = 25 MeV
M,, 80.398 + 0.025 GeV

B0.360 + 0.020

il

LR
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ZZ final states at LEP (ex. OPAL) :: >
Comparison to YFSZZ
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Cross section (pbh)

WW,ZZ final states not yet observed

0.4 ]
at the Tevatron : '
(first WZ events observed early 2007) 02¢ ]

0f ]
_l]_-l-...|....|....|....|....|....|...
180 185 190 195 200 205
Energy (GeV)
CDF Run |l Praliminary fLdt=11f"
B s cata @i ZZ 1 (1.5 fb1)
S EEE :;ml « Very clean but very small BR
g | Oww oy * 1 4-lepton event observed!
Z < ZZ .llvv (1.1 fb")

Combined result
3o significance

o (ZZ)=0.75 ., (stat.+syst.) pb
o R T e N T AR NLO prediction: o(WZ) = 1.4 +£ 0.1 pb

log,(1-LR) (ZZ, WW bkg)




Top Mass Measurement

. : w | [l
« Dominant systematics L
1.08
— ISR
—~ FSR |
— PDFs
— b-jet energy scale 0.95
— b fragmentation i s -
M, (GeVic")
Bes! Tevaimon Run il (prelimirary, Margh 2007) B
Comparison of M__ in Diflerant Final States
M:J:?,.E'I-JF = 171,14+ 4.3 Teyation Preleinary Mas 5007)

. —— ——— Do - Al
Dmlr:“;ﬁfl 1645+ 5.6 8.7 :58 b =2
mﬂ“ﬂ@ 1725+ 8.0

7 ! —— Laphansdats - Alldas

aploo+ dals: = 1041 PRy N1
- I";ml_l:'-} . 1708+ 25
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* Is m,,, in Monte Carlos used by experiments the same as m,,, (pole)
used in the EW fits?

— &.g., colour reconnection effects?



W and Top Mass: from 1998 to 2007

Tevatron + LEPZ2 ... /
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W and Top Mass: 1998
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W and Top Mass: 2007

80.6

Tevatron + LEP2 ...

to
W()

W Mass ] potiom

[GeV/c?]

130 150 170 190 210
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Higgs mass < ~144 GeV at 95%CL (without new LP0O7 M,,,)




» Very clean selection of W and Z boson possib
e.g. CMS study of W~ evand Z — ee

T :-..||. | L . AL L E
[ sigral + backgrourd 0 ] : |1i'gn1|+b.'mkgmnd T

** backgmund fom Z— oo

» Recall rates (initial phase 18%cm?/s): 8 = W and Z events will provide an
=200 W/s - =20W—ev /s excellent tool for detector
=~ 50 ZIs - =15Z—eels calibration

plus the same rates for muon decays!




ATLAS study:

Source CDF_Run Ib| ATLAS or CMS | W— /v, one lepton species £
30K evts, 84 pbl| 60M evts, 10fb-!

Statistics 65 MeV < 2 MeV

Lepton scale 75 MeV 15 MeV | most serious challenge
Energy resolution 25 MeV 5 MeV | known to 1.5% from Z peak
Recoil model 33 MeV 5 MeV | scales with Z statistics

W width 10 MeV 7 MeV | AlM,#30 MeV (Run II)

PDF 15 MeV 10 MeV
Radiative 20 MeV <10 MeV | (improved Theory calc)
decays

PH{(W) 45 MeV 5 MeV | P-(Z) from dataq,
P(W)/ P(Z) from theory

Background 5 MeV 5 MeV
TOTAL 113 MeV < 25MeV | Per expt, per lepton species

= Combine both channels & both experiments
= Am,, < 15 MeV (LHC)

Compare to
2007: m, = 80 398+ 25 MeV LEP & Tevatron Run I/l
2009: m, =80 ... £20 MeV (2.5:10) expected after Tevatron Run Il




= Very interesting: WW,ZZ final states not yet observed atthe Tevatron
first WZ events observed early 2007
= Test triple gauge boson couplings (TGC)
= yYWW and ZWW precisely fixed in SM

» yZZ and ZZZ do not exist in SM!
4 = deviations from SM are amplified with E
» also Wy and Zy final states can be used

Wzl
B Zbb
I it
7

WZ — 3 lepton

50

0

L=10fb" .Zoy’+tf+ZUbE ]
7 — e+e— e+e

[aV]
O
~
>
0]
Q)
0
™
~
9]
2
L —
—
=
L

Entries / 0.9 GeV/c?

I\\‘II\‘m‘I‘\\\l\\\lII:

1 fb-! sufficient to
observe both processe

\\Ill ‘\\\|7 1
7080 90 100 110 121 80 85 90 95 100 105 110 11
M(e'e), GeV/c M(|+,|_), GeV/02




Recent detailed studies by CMS

Signal

. Zijets

Diboson

. ttbar non dilepton

di-leptonic
+ 1.2 GeV

5= 1 [ semi-leptonic
[ other Ttbar ]

mees | ] *1.2GeV

events / 9.0 GeV
nr. or events

120 140 160 180 200 220 240 260 280
top mass [GeV/c?]

220: g TTTTTTETTTT T T Gean T T T T T 78 4
fully hadronic 2000 = 7= I

F _ Constant ~ 198.5+6.7 [
180¢C .tt%had. bkg. M, 175+06 [

t—->JW¥+I1+X
i 2 Gev X ; T 18.241068_;

il + 1.5 GeV

Events/2GeV/c?

T 0 ..IZI. :I:.:'I:I |::|: |:|: [':I::I || ’ |: ::I .:::.::. | e
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— total top mass error <1 GeV possible with O(10 fl3) of well understood data




Testing the Standard Model

... and failing to find discrepancies

HERA Il

pp—]j+X
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10 e ZEUS &p CC 04-05 {prel.) B ?
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2 2
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= Excellent agreement with predicti

Ken Peach Conference Summary EPS HEP 2007
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contributions since 1974 to the success of the Standard Model:

EVENT GEMERATORS FOR BHABHA SCATTERING
Cengeaers: 5 Jadach and O, Niensind

I-‘I-'..l:!-i'lrl!ll I:.-':'.'.mp.' H. .llll..l.u[l A, .aul'.l.lltm'l'l . H:'Fl H. Burkhiardt, M. I:!nl_-l_-][:il M. Cafto,

H. Czyz, M. Dallavslle, 1, Field, F. Filthant, F. Jegerlehner, E. Kuraey, G. Montagmna,

T. Ohl, B, Pistrzyk, F. Ficcinini, W. Flaceek, E. Remiddi, M. Skrzypek. L. Trealadoe,
B. F. L. Ward, 2. Was,
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Precision QCD

Measurements
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Measurement ofa,at LHC limited by
» PDF (3%)
» Renormalisation & factorisation scale (7%) o MRSAP. A= 564 MoV

» Parametrisaton (A,B) S

do

dE, o5 (ke JA(Er )+ 05 (g )B(E;)

= 10% accuracya(m,) from incl. jets
» Improvement from 3-jet to 2-jet rate?

Verification of running of a and

test of QCD at the smallest distance scal g [ T TV AS AN ALS |

> o, = 0.118 at m 1000 2000 3000 4%2((](}353;)0

» 0,=0.082 at 4 TeV (QCD expectation




Proton Structure Measurements

HERA I¢"p Neutral Current Scattering - H1 and ZEUS

Q?=10 GeV>

=0.000032, i=22
' X =0.00(;05, i=21 HERA I (prel.)

. ?%Ogggl i;??lg Fixed Target
o ee x=000020,i1§ H1 2000 PDF ZEUS-JETS fit

x=0.00032, i=17 ZEUS-JETS : tot. uncert.
x = 00003, i=16

x=0.0008, i=15

x=0.0013, =14 - H1 PDF 2000
x=0.0020,i=13

x=0.0032,i=12
x=0.005,i=11 X tot. uncert.
x=0.008, i=10 \

x=0.013,i=9
i — CTEQ6M

eosossses  x=0032,i=7

W x =0.05, i=6
x=0.08,i=5

oD EOMIITETS +——ege-esoetogs o o , x=0.13, =4

x=0.18,i=3
TN x=0250
'
' N x =040, i=!

T T

c.(x,Q%) x 2'

T

T T

exp. uncert.

xg (x 0.05)

L R B L L B B R R LY B R R

xS (X 0.05)

L AL I R L L B R R LY

HERA Structure Functions Working Group
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Talk by Claire Gwenlan




HERA proton PDF --» LHC W production
Prediction usina ZEUS-5-PDF
HERA beauty density .. goes to LHC

'‘Lumi’ process

Fox g

Beautyr contribution to F2

103

L)

[ g i=5 ]
ez | x=0.0005 ]
=i } i=d -

ey HVOQDIS + CTEQSF4

z=0.0002

} x=0.002
. =3

x=0.013 |
=l 1

® HI1 [Data ]
= ZEUS (prel.) 39 ph’' x=0032 ]
woes MRSTOG i=0 ]
— MRST NNLO ’%’« A
- CTEQ6HQ - 3

110} IIJ: 10}
Q° IGeV?

e

=> 'Beautyful' new HERA IT data

= Astounding spread of model

bredictions!




Gluon density via F at HERA f _ %, Iﬂ" 16 4 8330-3 s
dm &2

on(x/Q2) = Fo(x,Q2) - y?/ys FLxQ2) —, )
Ex?mn::’r F from cr,{x 32} at different 1,-'
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QCD Monte Carlo Calculations

* Increasingly sophisticated algorithms

o Several different approaches

— Many cross-checks
Comparison among different ME generators

(Alwall etal, Jul.07): compare Alpgen,Ariadne Helac,MadEvent,Sherpa

W + n jets, jet Er spectra
TEVATRON LHC
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a2z s 75 00 i is) 0 25 501 75 10 O s0 100 fsh 200 250 00 0
Ei5iGsV) E L1 (GV) B {5V)

THE MESSAGE:
good agreement among different ME implementation, in spite of different
matching prescriptions (CKKW, MLM, and others

Ken Peach Conference Summary EPS HEP 2007 Nason 25 July 2007




QCD (Monte Carlo) Calculations

CONCLUSIONS

e Intense QCD theoretical activity in preparation for the LHC:
new NLO results become available

e One remarkable result: eTe™ — ggg at NNLO

e Closer interaction between modeling (i.e. Shower Monte Carlo)

and calculations (ME, NLO)
e The way events are simulated is changing in a fundamental way

e Lots of open problem, and ideas for new developments

Ken Peach Conference Summary EPS HEP 2007 Nason 25 July 2007
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QCD

Present Status of QCD

e Established theory of strong interactions
e Framework for computation of hard processes using asymptotic freedom
e Large body of tests of PQCD predictions

e No major areas of discrepancies with data

PQCD is based upon some assumptions, since we cannot fully solve the theory
(Confidence in QCD prediction is also based upon validation with data)

—  With LEP we have gained confidence in the correctness of PQCD

—  Very positive experience with HERA and TEVATRON results:
we know how to compute processes with hadrons in the initial state

Ken Peach Conference Summary EPS HEP 2007 Nason 25 July 2007 45



Entering the

Dark World




Dark Matter

Astronomers & astrophysicists over the next two decades using
powerful new teleSeopes \willtelFus how dark matter has shaped
the stars‘a j@She.see In the night sky.

Only partifié acddie!

Iabbrhﬁnc@r

Composed ofa

OF - Wiy
as rich and varied as the visible: world?

LHC and LC may be perfect machines to study dark matter.




Supersymmetry F PM% !

e unifies matter with forces 0 P

for each particle a

Su persymmetrlc partner i-Supersynunetnc
(sparticle) of opposite "shadow " partlcl

statistics is introduced

- a_l/a,

e allows to unify strong LN it
and electroweak force\ Iy
sinkg,, SUSY= 0.2335(17) *

SirPB,, & = 0.2315(2)

mit Supersymmetrie

e provides link to string theories " 1/

0:||||l||||l|1|||1||
0 10° 10 10"

o prOV|deS Dark Matter Candldate Wechselwirkungsenergie in GeV




~o  SPS Point 1: typical nSUGRA Supersym metry
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2000 .
Mass spectra depend on choice

of models and parameters...
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An "intermediate case" : SUPERSYMMETRY

LHC

If SUSY stabilizes m,y —= is at TeV scale — could be found quickly ....
cross-section — = 100 events/day at 1033 for m(q.g)~1 TeV

*large  gg.gg7. g8
* spectacular signatures

| Do discovery curves

thanks to:

Using multijet + E;™** (most powerful and
model-independent signature if R-parity conserved)

~ one year at 1034
up to ~2.5 TeV

~ ane year at 1033:
up fo ~2 TeV

~ one month at 1033 ;
up to ~1.5 TeV
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from F. Gianotti (LPO5)

First/fast determination of SUSY
(squark, gluino) mass scale from
distribution of E{™s5+ X p(jets)
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" B
LHC would discover SUSY phenomena quickly by 2009/10 (?)

Evarbz 0.5 G200 100 B!

H

however. ..

4

m (¢¢) end-point
precision ~0.3%

ATLAS
100 b

32

n s dm
R B

Nov.@ 2004

o

LHC

1. Complicated cascade chain
2. Large SM and other SUSY backgrounds
3. Model dependence of new physics analyses

T (E]= Threshold |

precision ~2 %

ATLAS
7
foy 100 bt

et e
gy 132

B a0

5. Yamashita, Fth ACFA WS

multiple hypotheses,
distinguished by different spin
and energy flows, difficult to
distinguish at LHC

(M.Peskin, Victoria, 2004)
5" conventional SUSY
T g ! i S
- - : = “' sneutrino LSP (Murayama et al)
/Y /" ‘bosonic supersymmetry’
W G e T (Cheng, Matchev, Schmaltz)




LSP responsible for relic density Q.py ?

Helie Density versus Mass for

";E’I‘:.-.HM ith Bino-like LSP !!"r I
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- need to measure many parameters, in particular coupling to matter



Production and decay of

S upersymmetry supersymmetric particles
at e*e- colliders
ete- — H5 ete™ = i i

charginos S-muons

Lightest supersymmetric particle stable in most models

‘ candidate for dark matter

Experimental signature: missing energy

ILC




Measurement of sparticle properties
masses, couplings, guantum numbers,...
ex: Charginos
ex: Sleptons threshold scan
lepton energy spectrum in

2009{1}%1‘ _

ILC

continuum

[fb]

L # L =10 fb” fp int

Csis

1200

150
] T T T

800 100 -

400

90

E[l 80 100

leptun energy B, [GeV] 256 260 264 268

Ecms [GeV]

achievable accuracy:
om/m ~ 103




Sparticles may not be very ligh

o S N

[ CM3SM, u=0

I LEEST, p=0
[ F with 10 Te/ constraint

Mgy ygp {5V

9lo1ueds a|qIsIA 1sa1ybi| puodas —

Myysp (GeW)

B Lightest visible sparticle> B JE + Olive + Santoso + Spanos



LSP light In most cases

!’F‘ !I\f“‘ 2 e » - : g"
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My yse (GEV)
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Lightest visible sparticle-

My vsp

Lightestinvisible sparticle—

I : .

Lightest visible sparticle-> S r Y

A

8j9nseds ajqisiA 1sa1ybi| puodes —

g
my ysp (Gel)

)

o ?1(.'



Squarks and gluinos

CDF Run Il Preliminary L=1.1 fb” o ;
600 [T T T [ T T T T[T 111 DO Prellmlrlary, 0.96 fb
I observed limit 95% C.L. ;-.. 300 S
=« gxpected limit — A\
ISRIFSR s;rstl, excluded ] ——__ mSUGRA
500 —— DO observed imit O 250 —— . E
A =0, tanfi=5, |L‘ﬂé’ o I i D@ eXCI.
»’w q‘/ . .
3 e € squark/gluino
400 v
e e
o~ AR
u -
S 5 no mSUGRA K
83-00 solution
< G . LEP excl.
=
00 100 200 300 400 500 600 (Chargmo)
200 FNAL Run |
£ m, (GeV)
100
LEFP1+2
0
0 100 200 300 400 500 600

ME (GeVic

M(¥)>290-410 GeV, M()>375 GeV

= Nice interplay of hadron colliders and e*e- colliders:
— Similar sensitivity to same high level theory parameters via very
different analyses

— Tevatron is starting to probe bheyond LER in mSUGRA type
models

Ken Peach Conference Summary EPS HEP 2007 Heinemann 25 July 2007 Y4



IUsmg the M(x°,) from ILC

___—#

-1 — 30
300 fb-!@LHC R He
AM values in GeV g 3 |

o e ;":
= ﬁ 1er.'|§— *5‘4

[HC LHC+LC(0.2%) £
Amg 48 (LCinput) £
Amy - 48 £
.ﬁm_ig 4.7 @
Amg, 87
"j'mfﬂ 13.2 Lighfest neutralino mass (GeV)
Significant improvements even if Strong correlation at LHC
only m(x°) is measured at ILC An input from ILC resolve this correlation

Mov.9 2004 S. Yamashita, 7th ACFA WS 39



MSSM parameters from global fit

0.4 SPSla“ scenario

o 0.3
@©

0.2 LHC and ILC

0.1
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—> only possible with information from BOTH colliders




Precision electroweak tests

MSUGRA -

4':":' r I T 1 L]

200 =y
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Isd
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= B GV V=
m, 118 GeY

- ﬁr‘nl = 2.0 GeV /-2

am, = 0.1 GeV e

100 |15

200 400 600 800 1000 1200 1400
My [GeV]

Heinemeyer et al, hep-ph/0306181

—> constrain allowed parameter space



Comparison with expectations from direct searches

Dark Matter Mass (Ta'l
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Dark Matter and SUSY

Is dark matter linked to the Lightest Supersymmetric Particle?

Fraction of Dark Matter Density

Dark Matter Mass from Supersymmetry (Gav)

2

e

A&

1.14

g8 an Qaz
I I |

ILC

ALCPG Cosmology
Subgroup

o4 1 Qa8 100 102
l l I l I

104

Neutralinos is
not the full story

ILC and satellite data
(WMAP and Planck):

complementary views
of dark matter.

ILC: identify DM
particle, measures its
mass,

WMAP/Planck:
sensitive to total
density of dark
matter.

Together they
establish the nature
of dark matter.



LHC and LC results should allow,
together with dedicated dark matter searches,

nr§f‘&‘r’§l§67§r(%§’fﬁhtﬁ¥8‘é‘fﬁrﬁ%#ﬁi'” Some

mysterious “dark energy”. Itis evenly
spread, as If it were an Intrinsic property
of space. It exerts negative pressure.

Challenge:
get first hints about the world of
dark energy in the laboratory




The Higgs is Different!

All the matter particles are spin-1/2 fermions.
All the force carriers are spin-1 bosons.

Higgs particles are spin-0 bosons.
The Higgs is neither matter nor force;
The Higgs is just different.
This would be the first fundamental scalar ever discovered.

The Higgs field is thought to fill the entire universe.
Could give some handle of dark energy(scalar field)?

Many modern theories predict other scalar particles like the Higgs.
Why, after all, should the Higgs be the only one of its kind?

LHC and LC can search for new scalars with precision.




The SM bottom line

(5)
Al g =
— 0.02758+0.00035
---- 0.02749+0.00012
- incl. low Q® data

1 Excluded \

Preliminary

300

: : ! : T
—LEP1 and SLD
80.54 -~ LEP2 and Tevatron (prel.) 5 '
68% CL l
S 4-
8 l
= 80.4 - Y2 3.
= <]
£ l
2_
80.3 - q-
' ' 0
150 175 200 30
m, [GeV]

My = 7633 5, GeV

Incl. theory uncertainty:
My < 144 GeV (95%CL)

Direct search limit (LEP-2):
My > 114 GeV (95%CL)

m,, [GeV]

Ken Peach Conference Summary EPS HEP 2007

Probability Mpy>114 GeV: 15%

Renormalise probability
for My>114 GeV to 100%:

My < 182 GeV (95%CL)

Wyatt

25 July 2007 65



A hint of a MSSM Higgs?

T

!

MSSM Higgs Boson Search

L o S ""'I".'.,-.,". o -E a0 Praliminry, 8.0
r']-l'-“}l]l "E A | 'L::.d___n ; | -. .

- ] ! s 17 W ather EW, | ik

..‘ ::. ! + l-l | HHE |

- ._| 1u = -: : . -:- - — -
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L 9 | u
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i.l.-J | L] | ]

|:"1|I .......... i IS a = P S L
Q 50 100 950 04 50 300 Vigilxle Mass (GaV)
Mg (GoV) g, = O

= Data mass distribution agrees
with SM expectation mostly:
— CDF: Slight excess (~2a)
— D& slight deficit in that region
= Sensitive o tanp=50

fiaik by P. Jonsson]

Ken Peach Conference Summary EPS HEP 2007 After Heinemann
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SM Higgs Searches at Tevatron
New in 2007 (to be combined
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SM Higgs Searches at Tevatron

Tevatron Run II Preliminary
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Signal significance

A difficult case: a light Higgs (m,, ~ 115 GeV) ...

LHC

'.":_,“ %%ﬂh' TR L
& - - = imis k-laetiors) 8 H = T ol
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S 15 ~ 10
B 45 ~ 10
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Full GEANT simulation, simple cut-based analyses

from F. Gianotti (LPO5)

K-factors = o{NLO)/o(LO) = 2 not included




SM Higgs Reach LHC

Needed [Ldt (fb1)
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LC can observe Higgs no matter how it decays!

¢ Data
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SM Higgs Branching Ratio

Precision Higgs physics
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il s, | Coupling-Mass Relation
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Determination of
absolute coupling
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Precision Higgs physics
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LHC and (I)LC results will allow
to study the Higgs mechanism in detail and
to reveal the character of the Higgs boson

This would be the first investigation
of a scalar field

This could be the very first step to
understanding dark energy




LHC and LC together will allow
first discoveries in the dark world
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Past decades saw precision studies of 5 % of
our Universe - Discovery of the Standard Model

The LHC will soon deliver data

Preparations for the ILC as a global project are
under way

We are just at the beginning of exploring
95 % of the Universe




Past decades saw precision studies of 5 % of
our Universe - Discovery of the Standard Model

The LHC will soon deliver data

Preparations for the ILC as a global project are
under way

We are just at the beginning of exploring
95 % of the Universe

the future is bright in the dark world



and will hopefully have some relaxing moments in the mountains




